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RESULES OF TESTS OAG3 AND 1AC9 ON AN O.015=CGCALE MODtL 


OF THE SPACE SHUTTLE CONFIGURATION 140 A/B 
IN THE NASA/ARC 6- BY 6-FOOT TRANSONIC WIND TUNNEL 


By R. H. Spangler* and D. E. Thornton* 
ABSTRACT 


Tests were conducted in the NASA/ARC 6- by 6-Foot Transonic Wind 
Tunnel from September 12 to September 28, 1973 on an 0.015-scale model of 
the Space Shuttle configuration 140 A/B. Surface pressure data were ob- 
tained for the orbiter for both launch and entry configuration at Mach 
nunbers from 0.6 to 2.0 

The surface pressures were obtained in the vicinity of the curgo bay 
door hinge and parting lines, the side of the fuselage at the crew com- 
partment and below the OMS pods at the aft compartment. Data were obtained 
at angles of attack and sideslip consistent with the expected divergencies 
along the nominal trajectory. These tests were the first in a series of 
tests supporting the orbiter venting analysis. The series will include 
tests in three facilities covering a total Mach number range from 0.6 to 
10.4. 

This report is published in three volumes. Volume I contains repre- 
sentative plotted data while the remaining volumes present the tabulated 
source data. Integrated Vehicle tabulated data ure to be found in Vol- 


ume [T and Orbiter Alone data in Volume III. 


* Rockwell International 
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INTRODUCTION 


The 0.015-seale vent pressure model (36-0TS) was tested in the Nass 
ARC 6- by 6-Foot Transonic Wind Tunnel over a Mach number range from Ok 
to 2.0. Test IA29 of the launch configuration started September 1 and 
continued through September 25 and OA63 of the entry configuration started 
September 25 and continued through September 28. 

Pressure data were obtained to enable the evaluation of orbiter vent- 
ing requirements during both launch and entry. The investigation encom= 


passed angles of attack and side slip consistent with nominal trajectory 


requirements. 








NOMENCLATURE | 
Genera] | 
CADSAC 2 
“peed of sound: m/sec, tt/see : 
te CP pressure coolfietent: (Py - Pe)/y 
iss MACH Mieech number; V/n : 
3 
n presoures N/m , pst 
} @( NSM } dynamic pressure: L/eev-, N/m , psf 
a( PSF ) 
RN/L RN/L unit Reynolds number; per m, per ft 





<= 


velocity; m/sec, ft/sec 
ALPHA angle of attnck, degrees 
BETA angle of sideslip, degrees 
ol angle of yaw, degrees 


PHT angle of roll, degrees 


6 8 ©& BW @Q 
a) 


mass density; ke/m, slugs/ft> 
Reterence & C.0. Definitions 
a rc te UL initions 


oF ma ‘i gelinty Se ies a ee ee eT sate . cs oe 
ee rT eT ee ate a PEE TTT ee a Eee ey eee ee Ce a 


At base tress om’, ft 
b BR EF Wing span or reference Span: m, ft | 
Cae. center of gravity ; 
hare LR EF reference length or wing mean | 
G aerodynamic chord; m, ft 
5 CREF wing ares or reference srea; m, ft | 
MRP moment reference point 
XMRP moment reference point on X axis 
YMRP moment reference point on Y axis 
“MRP moment reterence point on % axis 
SUBSCRIPTS 
b bise 
L locn] 
g stati« conditions 
t totsl conditions 
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free stream 








SPabse 3825-3 ee s 









SADSAC 
SYMBOL SYMBOL 

X/2 X/L 
é. ELEVON 

ig 

$ PHI 

ieee ere evenre em 
aetna Mental sala Maes ont etn ta cite oo 





NOMENCLATURE (Continued) 


ADDITIONAL NOMENCLATURE 


DEFINITION 


longitudinal location on orbiter fuselage, 
fraction of body length. 


left elevon deflection angle, positive trailing 
edge down, degrees. 


angular location on orbiter fuselage, desrees. 











CONFIGURATIONG INVEST] GATED 


The O.01S5-scale model was a replica of the Space Ghuttee Cone 


tion 140 A/B Orbiter and Vehicle 4 external tank (ET) and solid yo on. 


boosters (SRB). Though the attach points for the SRB and ET were in i... 
proper location no attempt was made to simulate the actual attacn con- 


figuration. Also, the external feed and vent lines on the ET were not 
simulated. 

The orbiter was instrumented with 176 pressure taps on the left side 
of the fuselage. The orifices were located at the cargo bay door Rinse anc 
perting lines, on the side of the fuselage by the crew compartment and 
below the OMS pod at the aft compartment. The ET and SRB's were not 
instrumented. 

The pressures were measured by four +10 psid Stathan PM 131 TC dif- 
ferential pressure transducers housed in four type 5S scanivalve pressure 
multiplexors driven by a single solenoid type stepper. Keference anc 
calibration pressures were measured by the facility Exactel micro-mancr- 
eters. Reference pressurgs were generally set equal to free stream stutic 
pressure. 

Two configurations were tested. During launch vehic-ce testing the 
SRB's were attached to the tank and the ET to the orbiter. All control 
surfaces were set at 0° deflection. For entry configuration testing the 


SRB's and ET were replaced with appropriate off blocks. The left elevon 4 


was set at -15°. All other control surfaces remained at 0° defle.-vion. 
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During the course of the test some pressure crifices or associated tubing 


developed leaks or became plugged. The following list presents these dis- 


crepancies and the effected runs. 


Runs 1-24 leaks: PlL4k, 204, 212, 428, hs 
pinched: 308, 312 


25-9 same leaks 
pinched: Pzil, P226 


50-86 same leaks 
pinched: 211, 226, 4oh4, 422 


87 refe ‘nce pressure leak 
88 same leaks plus 426, 427, 429 


89-99 same leaks 
pinched: 130, 402 


100-111 same leaks 
pinched: 130, 210, 211, 402 


0A63 
112-199 same leaks 

The model was sting supported from the orbiter base in an inverted 
position. Sting adapters were used to provide necessary sideslip angles. 
Leak and continuity checks of the instrumentation were made. Due to an 
installation error, the dangleometer mounted in the model could not be 
used. Installation photographs are shown as figure 3. 

Test IA29 was conducted as planned except for the omission of M = 1.0 
testing due to difficulties in setting this tunnel condition and the 
questionable resulting data. Other data at Mach numbers close to M= ] 
were obtained but should be utilized only after qualitative evaluation of 


the Schlieren photos (figures 4 and 5). 
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TEST FACILITY DESCRIPTION 


The 6- by 6-Foot Wind Tunnel of the NASA Ames Research Center : 


fi 


closed-circuit, variable pressure facility. The test section has a 
Slotted floor and ceiling, allowing for continuous operation from Mach 
number 0.25 to 2.20 at stagnation pressures from 0.3 to 1.0 atmosphere 
for a stagnation temperature of 560°R. These conditions allow Reynolds 
number variation from 1 to 5 million per foot and a dynamic pressure 


range from 200 to 1000 pounds per square foot. 
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TABLE I. 








DATE SSEPT. 
TEST CONDITIONS 


REYNOLDS NUMBER DYNAMIC PRESSURF. |STAGNATION TEMPERATURE 
MACH NUMBER per unit length) (pounds/sq. inch) ,} (degrees Fahrenheit) 
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COMMENTS: Model was instrumented with pressure transducers 
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TABLE I. = Concluded. 


TEST ¢ LA09/0A03 DATE $ SEPT. 1973 


TEST CONDITIONS 





REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE 
Ne eS Se eR 
0.95 er a 
0.95 
0,85 
0. 85 tm | 
0.75 
0.75 | 3.5 xi0yre | 352 | ao 
0 60 go 
nears MASSIRA 
0 ef 
] 18 BC 


None 
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BALANCE UTILIZED: 


COEFFICIENT 
CAPACITY: TOLERANCE: 
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COMMENTS: Model was instrumented with pressure transducers 
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TABLE III. - MODEL DIMENSIONAL DA‘'A 


| MODEL COMPCHENT: BODY - Boe 


GENERAL OSSCRIPTION: Orbiter Fuselage Configuration i140 A/B 


SHOT lar identicd 19 Boy excent underside of fusclivo refairred to 
accept Wiig. 
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DRAWING HUNDER: 


DINENS TORS: FULL-SCALE 


*Length (Fody nose Xp 7 235) - in. 1293.3. 
Max. Width (at X%, = 1520) - in. 262.0 





Hax, Depth (at X, = 1464) - in. 250.0 
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Area - ft? 
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* NOTE: Theoretical body length used in 


data reduction - in. 1290.3 
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TABLE III. = Continued. 


MODEL COMPONENT: Gitory - Co 


GENERAL DESCRIPTION: Sonfionumtion 3). 


LD alan ane reenemattineens 
er empeiatte—ayEnD 




















Model. Saela +. 0-015 





. ; VL7O-O501LCA 
DRAWING NUMBER ela tree 








DIMENSION: | FULL SCALE 


MODEL SCALE 


Length (%.=!,3,.643 to 670} 235,357 
eM 


57 3059036 


ee ae 2 28618 | 
Mox Depth (7? %,-485.9) 25 0%) 


Max Wieth (°) ¥ 52533, 3 


27) 


TT ee ee a eT PLS ep a a ee a a ee oe he eae ps - 


e NN? Q 37500 . : 

Fineness Retio | 
Arco | 
: 


Max Cross«Sectionol 
Plonform 


Wetted | 


Bose 7 


Lad 8 ea bin’ 


ed > a ED aia a mat 


| 
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TABLE III. - Continued. 


MODEL COMPONENT; | TEweN - E26 


= eee ee ee ei OD oe ee ee ee ee ee ee ro a oO 


GERCPAL DESCRIPTION: Cerfacurnbien 4 Beare ny eae 


.* 


= pee ee ee ee eng e ae ee ae = 


Tata Zor (1) of Q) si es. Identient to ing onii 


Eee en cee ee oe 2b or 4 oa 








airfoil thickness 


. 
etre EEE ie — ee ans oe wer «ae 








Qu. 420g owe 


Yodel Seale = 0.015 


ae oe oe er ED Re 





+ 
ne De tS ee Ee yo 





Ca ell 


Vi020.5 259 
DRAWING NUMBER: VLTO-CCOKC A/B 


ene tee eh + 








eee = 2 ee 0 oe 


DIMENSO FULL-SCALE MODEL SCALE 


Agen meer ee 
pices ike | atieadl , ome areas & 


hrea 22% e SEL, 0 00 1 


Span (equivalent) 308. 3h 5052510 
Inb'd equivalent chord 449.623 1.79434 ee 


Nutb'd equivalent chord : 55.1922 9.82768 ___ 


Ratio novable survace chord/ 
tote) surfece chord 


At Inb'd equiv. cliard | 0, 2096 0.2996 


=e ates GD Ve ee ED 





At Outb'd equiv. chord — OLACC 0.100% 


. wee Gee aes sg oe a eye = lo Gee 


Sweep Back Angles, Gogrecs 


Leading Cage 0,00 . 0.09 


: - nw ae 274 wf pee ogi? - Ore + ar 
@ s +,” 7 ‘ “ : 


| ing E aaa Of : sf 
 Tailing Ecge | 719,055 10,056 


a i + 











Hingeline 0,09 0.00 





+ ev oe 


Aroa Moment (Norn al to hinge Vine} | __ 852.1502 0.00287 





ee ee or 
Pe a eee eS ere Oe eee Pee aT ee ed Ee ae ee TR fee ie ee ee — ae ne ey a SP a eee ee 


rs ge oo A ST SG te FR protean ag aio aM calli wh se di latihe pith al abil Te coe ae ee Pa F . a 
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TABLE III. - Continued. 


MODEL COMPONENT: Body Flap - Fg : 


EE: . 8 Oe ene + ee 


GONEPRAL DESCFIP TION: vont teoratden ¢: 


NOD 2 CE OE 6 | ED SA A = a as a I we eek cine eee 


LL TS Le eS CaN cI eye a aa ce eS + 
oo a a 7 re - eieerlem= nee oe a a a 





20.015. 
fodei Scale - 


DRAWING NUMDbER _ VL70-000140A/B, VL70-000200 


. 





gS SNe nie a ene oe Se. 


DIMENSION: | | FULL SCALE = MODEL SCALE 
Length in. 94,856 1.42284 
Mox Width in. EOE er. 3.94362 ; 
Max Depth in. 23-000 0.34500 
Fineness Ratio ; 
Areo - ft’ 7. _ 


Max Cross-Sectional 








whe ee 


Plonform : 158.85350 9.03574 
Wetted : 





Bose a 41.89642 9.00943 


Ee ge ee ee eS ee ee ER ee ieee aN ee oy 
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TABLE III. -— Continued. 


MODEL COMPONENT: OMS POD - M7 
GENERAL DESCRIPTION: Confi tion 


gr ha PP TT 








MODEL SCALE: 0.015 bos, 
VL70-0001404/B 
DRAWING NUMBER: VL70-000145 
DIMENSIONS: FULL- SCALE MODEL SCALE 
Length (OMS Fwd Sta. Xp = 1233.0) IN. 327.000 4.9050 _ 
Max. Width (@ X, = 1450.0) - IN. 94.5 L.417E 
Max. Depth (@ X, = 1493.0) - IN. 109.000 _ 1.6350 __ 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


Base 
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TABLE [Tl. <- Continued. 


MODEL COMPONENT : SRM NOZZLES - N25 





GENERAL DESCRIPTION: Confiruration 3A BORM Nozzles 


a 


een ere CL 
Model Scale = QO.015 
VL72-O000E RA 





DRAWING NO. YL77-000036B 

DIMENS IONS FULL-SCALE MODEL SCALE 
MACH NO. | 
DIAMETER Lu.X ~ IN (One Nozzle) 141.3 2.11950 





DIAMETER DT ~ IN 








DIAMETER DIN ~ IN 


: 


ON ~ DEGREES 


AREA - rT“ (One Nozzle) 








MAX CROSS-SECTIONAL 108 .89595 0.02450 
GIMBAL ORIGIN Xp Y Zz 

LEFT NOZZLE ~ IN. F.&. 1825.3 ~24,3 1,00 

RIGHT NOZZLE ~ IN. FS 1825.3 +21,3 1,00 


NULL POSITION - DEG. 
LEFT NOZZLE 


RIGHT NOZZLE 


2k 


Foes 
Zyty 
ye 








TABLE IIT. - Continued. 


MODEL COMPONENT: RUDDER - R5 


ES EE, i i Ener mini) win ie mie ag 


GENERAL DESCRIPTION: 3a Configuration Rudder —__ 














Model Scale = 0.015 
DRAWING NUMBER: VL70-O00146A 
DIMENSIONS : FULL-SCALE MODEL SCALE 
Area - FT2 206.28 _ 0.02304 
Span (equivalent) - IN. 201.0 3.01500 
Inb'd equivalent chord Bie: Ses 12 ___1,.37378_ 
Outb'd equivalent chord 50.833 0.76249 
Ratio movable surface chord; 
total surface chord | 
At Inb'd equiv. chord 0.400 0.400 
At Outb'd equiv. chord 0.400 _ 0.400 
Sweep Back Angles, degrees | 
Leading Edge Fl 89 BuAB | 
Tailing Edge 26.25 | 26.25 
Hingeline 34.53 63 
Area Moment (Normal to hinge line)- Fr3 _ 576.13 0.00178 
Product of Arca and Mean Chord : 
25 | 











TAB ttl. = Continued. 


aan* 


MODEL COMPONENT: = BCCSTF SOLID ROCKERT MOTOR ~ $12 


GENERAL DESCRIPTION: Configuration 3A, rite for (1) of (2) sices. 


aan 


* 








Model Scale = 0.015 





L72-O00088: 





DRAWING NUMBER ___IL77-000036A 7 
DIMENSION: | | FULL SCALE | MODEL. SCALE 
Length (Includes. Nozzle) - IN. __ A410 26.115 
Mox Width (Tank Dia) - IN. 142.3 2.135 
Mox Depth (Aft Shroud) - IN. ___192.0 2.880 
Fineness Ratio 9.06771 9.06771 
Area - FTA 
Max Cross-Sectional ___201.06193 04524 
Planform “ 
Wetted 
Base fine fie see ee ee ee ee 
WP of BSRM Centerline (7;)- tv. 7 aOR co 
FS of BSRM Nose (Xr) - IN. 200... 3,000... 
( 
Z 
26 
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TABLE III. - Continued. 
MODEL COMPONENT; PATERNAL TANK - [12 


GENERAL DESCRIPTION;  Eaterns] Oxygen Hvdrogen Tank 











ee qupen > FEE 8, et 
es Treat tae} + Lee Bea Me ae eee ee re ti Ae ae 
OTR ra ee tee ll et ere Paes ae ae he 
TD PPC the * + eR cattcs, RAN TRRALTT rR: Gamat ceypetraremary” Wy RETO GO PDC ee Safe er 








ejek Sante = Q,018 | eee 
VL72-O00088A - 
DRAWING NUMBER _ __¥L78-000041. B 





DIMENSION: _ | | FULL SCALE 


Length - IN. (Nose @ Xp = 309) 1865 
Mox Width (Die) - IN, 32h, 
Mox Depth 





Fineness Ratio 5501.7 
Areo -~ FT2 
Mox Cross-Sectional 972+ 550 _ 
Planform 
Wetied ae 
Base 





= ee: oe 


WP of Tank Centerline (Zp) - IN. 400.0 











ee rp Re 


eee ree © pr eee ere ee i ee eee 


tte og ae et 


MODEL SCALE 


ee eee 


2-972 
4.860 


5.75617 
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TABLE III. = Continued. , 
MODEL COMPONENT ¢ VERTICAL ~ Vr 





GENERAL DESCRIPTION:  Conficecretien 34 


. san Cc a e *% + qre e +} a os hia 7 ' rm ~ 

; [es yas be w m = =F 4 nwa _ af fot wreow eer A REE pote avis ws a 

l « ‘ tag 6 ewe Ww: «yt iw See Dt ecsaee 28 a a6 ‘caged Cer ae see ee ea. CA 2 ee 
POLES DUP EP AES ic Aaa Oa EIT St rE a SON LF TI ES i 





’ ~ 
wena wart ine | raoat ¢ fe se gi ya 7A, 


eeamages Rs CED ce te et ER 

















Ye Ar. 7 CC Ae 7 co i ) 5 
4 4 + ie aes ‘ ’ wb Oe 1 ' 
’ oe 


in ern a 
Tia Seo Gene 
+ ett Vex ek B 


DRAWING (UVGER: VL70~O7OUL Ge. 
ee ehageme= ant Qe eq atn Ge, ae are duw :-a 





DIMENS TONS : FULL -SCALE MODEL SCALE 


TOTAL DATA 


SEO ante 


' 2 ¥i “” 
Area (Tneo) Ft 413.253 0.09298 
Planform 


Span (Theo) In BV 7) 4473580 __ 
Aspect Ratio ales Bir] ae an ee or 

Rate of Taper QO, 507 ns a 
Taper Ratio De h1399 = OES 
Sweep Back Ancics, degrees ere 





Leeding Eace 15.00 45.09 
Trailing Ecos ee Sh 25.0.7 





0.25 Element Lina hV 120 41130. 
Chords: | ae 
Root (Theo) k 258, BOO 
Tip (Theo) W? Bc eed core. 
MAC er a 2.9971] 
Fus. Sta. of .25 MAC Wego i. 21.95250 
W. P, of 25 MAC "638, 690 
B. L. of .25 HAC ae ae O04 
Airfoil Sectica tsar ee es 
Leading kecoe Angle Dag 1200 10,60 
Trailing icdge fnale Dea ee: 





~~ eee a ae 
’ ° wher) ee ew a eee ee ash 
Leading Eucs Radius (tin) - I, 2 0.0300 
Void Area cu Lee 0.00296 
Blanketed Area VOC aia’ 


Acampo canner Leeetnetan a ey — 





ea eS et, i ns Ao nen 





ag i lS ae a ce So” ee ee a 








See te ee ee ee ae we ee Tee FST ES ee 
i 7 rns We f eth, eee ea teal tar! ? FOOSE oie ee ae oe et te eer Ue ne ads a te i eee tes ol ede ee ie Re a et haa 





TABLE III. ~ Concluded. 


MODEL CONPONENT: WING-Mjjp 
GENERAL DESCRIPTION: Configuration 4 | 


NOTE: Identical to W1)4 except airfoil thickness. Dihedral angle is along 


trailing edge of wing. ' 


Model Scale = 0.015 em FFs OOO 
| ran VL70-000140A/B 


DIMENSIONS: : FULL~SCALE MODEL SCALE 
TOTAL DATA 
rea (Theo.) Ft® 
Pianform 2690.00 _._9,60525 
Span (Theo In. 936.6816 __14.05022 
Aspect Ratio 2,265 2,265 
Rate of Taper 1.177 1.177 
Taper Ratio 0 0.200 
Dihedral Angle, degrees(at X,=1506.623,Y>= +55 3.50 
Incidence Angle, degrees 105, Z p= 282.75) 0.500 0.500 
Aerodynamic Twist, degrees | +3000 +3,000 
Sweep Back Angles, degrees | J 
Leading Edge 45.00 45.00 
Trailing Edge . ~1U. ~1U. 
0.25 Element Line 35.209. 35.209 
Chords: Tree ta ee eee 
Root lot B.P.0.0. 689.2429 
ues Theo) B.P. 137.5486 Mae 
C 474.8117 1.12218 
- Fus. Sta. of .25 MAC 1326.72] 
WP. Of .25 MAC | 291.00 i 
EXPOSED DATA o° 
rea (Ineo t '1812.2205 0.4OT75_ 
Span, (Theo) In. BP108 736.6816 11.05022 
Aspect Ratio : 2.058 2.058 
Taper Ratio 0.2451 0.245] 
Chords } : 
Root 8P108 S570,6230_. 8.55934 
Tip Laat - 137,85}2 2 O8777 
- .MAC 354.2376 5.3356 
Fus. Sta. of .25 MAC “TY6d. 237" _17,46355 
W.P. of 25 MAC 292.00 hn 38000 
.: B.L. of .25 MAC © : 3.59517 
Airfoil Section (Rockwell Mod NASA) 
| XXXX~64 7 
Root b = 0.425 U.i13 0.113 
Hebe 1.90 ' 0.12 0.12 
Data for (1) of (2) Sides - 
| Leading Edge Cuff » 3 
| Planform Area Ft 0.02662. 
! Leading Edge Intersects Fus M, L. @ Sta | 7457500. 
Leading Edge Intersects Wing @ Sta 1903.5 1505250. 
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f. Mach = 1.05, @= 0°, B= -4° 
Figure 4. - Continued. 
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Figure 4. - Continued. 
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| 








ee 





(es Mache el Os. 2s Re 08 


PIS? as Se tes 











66 630-054 
, te 


&@. Mach = 1.05, a= 6°, B = 0° 


Figure 5. = Continued. 
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APPENDIX 


ORBITER ALONE DATA ONLY 
(SEE VOLUME II FOR INTEGRATED VEHICLE DATA ) 
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